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When patients with such histories are investigated by Rubin's test or hysterogram, it will be found that in the one case, gas-pressure-distension-pain is entirely suprapubic; whereas in the other, the X-ray film shows either rounded cornua or that the oil does not pass beyond the isthmus in over 90 % of cases. Innocent spontaneous abortion is practically never followed by any form of tubal obstruction. Occasionally there may be a history of hysterotomy and ligation of the tubes, or of an ectopic, or of a classical Cesarean section, or manual removal of the placenta.
In this paper I shall deal solely with post-conceptional infection of the secundines or inflammation of the endometrium and/or cervix which quite unwittingly and asymptomatically has given rise to a type of occlusion which very rarely indeed reaches beyond the isthmus.
This pathological type presents at operation a distal portion of the tube which is absolutely healthy and is therefore readily implantable. Such cases are usually seen in the young married or unmarried woman, but there is never any palpable abnormal pelvic pathology to help one in the diagnosis. Figs. 1, 2 and 3 illustrate the common postpartum types of stenosis met with in hospital and in private practice. Until recently the aetiology and morbid anatomy of cornual tubal occlusion had received scant attention and the success rate was only 60.
But to-day it is different for we know that if, with such a case history, there is no palpable pelvic pathology, no history of acute infection, and no clue of tuberculosis, together with negative gas and FEB.
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Proceedings of the Royal Society of Medicine 10 oil tests, then at laparotomy the tubes are found to be stenosed at the cornu or for the length of the isthmus, but almost never as far as the ampulla.
The technique of tubal implantation is not difficult, nor does it take long, but it does need the utmost confidence of your patient, repeated expert CO2 and Lipiodol investigations, together with meticulous instrumentation-all of which in time can be acquired.
For details of the operation, and the very necessary preand post-operative vitamin C and antibiotic treatment, see Green-Armytage, 1952. There are a few new points which extended and recent experience has proven.
(I) The hysterogram must be done with Neo-Hydriol or Lipiodol (Lafay) and not with water soluble dyes such as Viskiosol, which give equivocal results and render deductions uncertain, though the new Salpix may be an exception. In addition a lateral picture should always be taken.
(2) Never use an air insufflating apparatus. The danger of air embolism at pressures over 150 mm. Hg is very, very real. To-day the Bonney Insufflator is a museum piece. Fifteen years ago I had a death on the table using it, and in a letter recently received from South Africa, 2 deaths in one 'week were recorded from air embolism using this method. Remember one MUST maintain, as Rubin states, a pressure of 200 mm.Hg of CO2 for at least one minute, with or without the use of an antispasmodic such as octyl nitrite or pethedine, to form any real opinion. Such a thing as CO2 embolism has never yet been recorded.
(3) UJse polythene rods (P.T.F.E.) rather than polythene tubing, for there is a very definite risk of organisms and septic material passing by capillary attraction from the vagina up any tubing into the peritoneal cavity, thereby causing septic occlusion of the fimbrial ends, though the cornual anastomosis may remain perfect.
If for the lack of P.T.F.E. tubing must be used, then the inner end should be sealed by "flaming". In the one case it is easily threaded through the tube; in the other it is best brought through on the end of a probe.
(4) Whichever material is used the intraperitoneal end must be secured to the infundibular ligament by catgut, lest by peristalsis it be extruded within a few days.
(5) The rodding (12 in. lengths) must not be more than 1 2 mm. in diameter and be antioxidantfree, to avoid injury or necrosis of the tubal mucous membrane. (Here I wish sincerely to thank Mr. Holt of the I.C.I. for his help in getting this material made for me by Messrs. British Insulated Callender's Cables, Ltd.) (6) At the end of the operation always ventro-suspend the uterus. I prefer the plication method as the quickest.
(7) It is essential that the foot of the bed should be raised on 6-8 in. blocks for the first two or three post-operative days.
(8) After removing the P.T.F.E. rods vaginally (a painless procedure) at the end of six to seven weeks, request your patient to try and conceive during the next few ovulation periods.
(9) Finally I should say that according to Raoul Palmer in Paris, and Rock and Mulligan in America ;ampullary implantation is easier and even better than the isthmian. Decision can be made at the time of operation.
RESULTS
Up to date I have done 20 consecutive tubo-uterine implantation operations for post-conceptional stenosis.
In only one case out of 20 at the time of laparotomy did the inflammatory process which had caused the block extend as far as the ampulla. In two-thirds it was not beyond the cornua or pars uterina. 5 out of these 20 have been operated upon within the last two months so they must be discounted.
That leaves 15.
Of these 4 have gone to full term and been delivered by Caesarean section. One by Professor J. McClure Browne; one by Mr. J. D. Murdoch and two by myself.
One is now 22 weeks pregnant. She is in the care of Mr. W. D. Frew in Edmonton, Canada. One, a doctor's wife, has had 2 abortions at the third month. This gives a conception rate of 6 out of 15=40% as against the old 6%. That it will be 60-70% soon, I feel sure. I should like to mention one other case on whom the implant operation was done two months ago. She had had both tubes tied in the West Indies at the time of a Cxsarean section. That she will conceive, I have little doubt. I have as yet had no case of ectopic pregnancy in this small series, though I have two such in another larger series of salpingostomies. It should especially be recorded in the case sectioned by Professor J. McClure Browne, and in one of my own Cxsarean sections, that they both conceived within three months of the operation and that no polythene whatever was used.
Similarly in the one now 22 weeks pregnant in Canada, no polythene was used but she conceived two years after the operation. In 4 cases there was recurrent stenosis at the cornua. In 2 of these this was, I think, due to the polythene being peristalted out of the uterus on the third or fourth day. In one a pelvic abscess developed, due, I think, to sepsis creeping up the tube.
2 out of 4 of these errors are now preventable. In 2 cases both tubes are patent to gas and oil but they have not as yet conceived, one year later. In 3 cases one tube only has remained open to gas and oil, the other having closed at the fimbria, I think due to sepsis spreading up the tubing, a thing now preventable by the use of solid rods. Tubal occlusion may occur at the uterine end of the tube, at the fimbrial extremity or along the course of the tube. The following figures for the site of tubal occlusion are quoted by Palmer (1950) : Hamant 40% cornual, 60% fimbrial; Robins 18% cornual, 82% fimbrial; Kennedy 30% cornual, 70% fimbrial. Palmer analysing 250 cases gives the figure of 32% cornual, 52% fimbrial and 16% along the course of the tube. Ufnder the title of cornual occlusion Palmer envisages occlusion at the utero-tubal junction or at the adjacent isthmian portion of the tube.
Cornual occlusion may be functional or organic. Repeated investigations may be necessary to distinguish functional from organic occlusion. Tubal spasm is a frequent finding when tubal insufflation is first performed, especially in nervous and tense patients. Sharman (1944) , in a series of 60 cases subsequently examined radiologically after lipiodol injection, showed that insufflation had erroneously indicated blockage in 6 cases. Among his series of 116 patients who became pregnant, 29 had been diagnosed as having non-patent tubes as a result of a single insufflation. Spasm may be obviated by the use of sedatives and antispasmodics but may prove resistant to either or both given simultaneously. General anesthesia has no greater effect than antispasmodics on tubal spasm.
Better results are obtained if an antispasmodic is taken for a day or so before the investigation. Spasm is more likely to occur at the time of ovulation; it is therefore wise to select a day forty-eight hours prior to the expected time. Knowledge of the operator, the absence of an audience, gentle handling, gradual introduction of the medium, which should be warmed if a fluid, lessens the likelihood of spasm. Spasm will often relax after a pressure of 200 mm.Hg has been maintained for two minutes.
ORGANIC TUBAL OCCLUSION
Organic occlusion (Fig. IA, B ) of the tube may result from: (1) Palmer (1950) states that 70 % of cases of obliterations at the uterine end of the tube are accompanied by other tubal lesions. The largest group of cases of cornual occlusion are to be found in this group:
Post-puerperal andpost-abortal infections.-Some of the infections in this group may be gonococcal in origin but the majority are streptococcal. In the post-abortal group a large percentage follow a criminal abortion. Some of the streptococcal cases may be associated with a history of pelvic pain, salpingitis or thrombophlebitis, but in others infection is confined to the uterus and tubes. In this group frequently other plastic operations such as salpingostomy or salpingolysis are necessary. It is not unusual to find one side more affected than the other. In a few cases there is no history of infection of any of the genital organs but the patient states that after the birth of the child she ran a low temperature for a few days, the cause was not known but uterine infection was suspected.
Trauma.-This may follow the introduction into the uterus of too hot a solution or too strong a chemical. It usually results from attempts by the patient herself or an accomplice to terminate a pregnancy. It can be assumed to have been the cause when the pathological section shows cicatrization and no inflammation in the tube beyond. It is possible that such a condition might follow a drastic curettage. It is possible, too, that faulty operative technique in performing a tubal suspension operation might produce a kink at the utero-tubal junction and obliterate the tube lumen.
Gonococcal.-When there is a preceding history of a gonococcal infection it is reasonable to assume that cornual occlusion results from this cause. Since the introduction of antibiotic therapy acute gonococcal infections may resolve but in the pre-antibiotic era and in some cases to-day they progress to a chronic infection. There is frequently extensive disorganization of the tubal mucosa and the likelihood of inflammatory nodules in the interstitial part of the tube and fimbrial occlusion. Because of the frequency of other tubal lesions the operative prognosis is difficult to assess.
Tuberculosis.-Tuberculosis of the tube appears, as a rule, to start in the outer part of the tube and only at a later stage to reach the cornual end. Haines (1952) is of the opinion that infection may extend from the endometrium to the tube. I cannot recall a single case of tuberculous endometritis in which there has not been prior impairment of tubal function demonstrated on the kymograph or salpingogram, and I am of the opinion that in by far the greater majority of cases the cornual end is not involved early. For this reason restoration of tubal patency is not likely to meet with success.
Endometriosis.-Endometriosis as a cause of tubal occlusion may be considered in the absence of any other possible cause. In thin women it may be possible to feel a nodular thickening at the cornu but, since nodules may occur in both tuberculous and gonococcal infections (although in the latter they are found more often in the isthmian portion), no definite diagnosis can be made. Endometriosis may be present elsewhere causing adhesions about the tubes and ovaries and lessening the otherwise good prognosis from operation.
Developmental.-Tubal occlusion may be present in a woman with uterine hypoplasia but since tuberculosis may occur in a hypoplastic tube and perhaps more readily so, a developmental origin for occlusion cannot definitely be accepted. It will be seen from this series that the best results are likely to be achieved in the traumatic, the uncomplicated post-abortal and post-puerperal group and in tubal endometriosis. OPERATIVE RESULTS Rock, Mulligan and Easterday (1954) , of 108 operations on one or both tubes using polythene tubing, reported 21 pregnancies in 18 patients, i.e. a pregnancy rate of 18 %. Of these 4 aborted and 5 had ectopic pregnancies giving a total salvage rate of pregnancies of 11 0%. Palmer and Boust (1950) reported 40 cases of tubal implantation with 13 pregnancies (32 50 ), 3 ectopics (7 5%), 10 recurrences (25%) and 32 5% with satisfactory patency but no pregnancies. Palmer (1950) in a series of 10 cases in which he employed a fine ureteral sound to maintain patency reported carriage to term in 3 cases but in a later series 5 pregnancies were obtained in 10 cases with excellent permeability but no conceptions in 4 of the remaining cases. In this series of cases no accessory operation was necessary.
I have performed tubal implantation operations on 13 patients, 11 simple, 2 complicated (combined with salpingostomy) (Table I ). Patency has remained at the uterine end in 18 of the 22 implanted tubes (Fig. 2 ) in one or both of the implanted tubes in 12 patients, despite the fact that no tubing has been left in situ. In 3 of the 11 simple cases there were fine adhesions about the ends of the tube or ovary. Two women have carried to term (18 %), 3 have miscarried (27 %), a 450%conception rate. In one of these and in 2 others subsequent fimbrial occlusion has resulted but in 2 chronic salpingitis was evident in the portion of the tube adjoining the site of section. 3 patients who have not yet conceived and 2 who have miscarried have good tubal peristalsis on insufflation and satisfactory salpingograms, that is 450 with good patency (Fig. 3 ). In the 2 cases complicated by salpingostomy cornual and fimbrial patency has remained in one, cornual only in the other. In both there was evidence of pelvic peritonitis and the other tube and ovary had been removed in one and involved in adhesions in the 13 Section of Obstetrics and Gyncecology 91 other. There has been no complication in any case except for pulmonary collapse in one. She speedily recovered. It is apparent from studying statistics that there is a percentage of approximately one-third of cases in which good tubal patency exists but pregnancy does not take place.
If it were possible to overcome the raised abor-... tion and ectopic rate and also bring about concep-|tion in the above-mentioned third of cases, tubal implantation could be considered a highly satisfactory operation. _g _. .......A study of the physiology of the tube may help us to achieve this object. Reynolds (1949) states that the viability of the ova depends on the presence of a corpus luteum through the influence of which progesterone acts on the tubal epithelium. The ovum spends one day in the ampullary portion of the tube which is in a state of muscular activity and three days in the inner part of the tube which is by then quiescent, in its passage to the uterus. He states that it has been FIG. 2.-Salpingogram taken after bilateral tubal demonstrated experimentally that when the fertilimplantation. ized ova are retained in the ampullary portion of the tube they undergo degeneration within three days because they are denied access to that part of the tube in which the secretory epithelium is located.
If this concept holds when implantation is performed, and usually this is done about the junction of isthmian and ampullary portions, the ovum is deprived of its resting site in the inner part of the tube for three days and its life-maintaining nutriment. It may therefore fail to survive. It is difficult to conceive how an ectopic gestation results for, with a shorter length of tube and a wider lumen at the cornu, it would appear less likely. Admittedly the cilia have been removed with the inner part of the tube but some animals do not possess cilia and there is no indication that they are essential.
As regards the fertilized ovum that survives, it may enter the uterus at a three-day earlier stage of development than usual. It is just possible that the secretory cells of the uterine endometrium compensate for those of the tube but, on the other hand, they have not been under the influence of the corpus luteum for more than twenty-four hours and the endometrium is not adequately prepared, either as regards secretion or embedding, and the ova may degenerate or feebly embed-, and a miscarriage result.
Since so much of our knowledge of tubal physiology is derived from different species of animals, opinions are bound to vary, and there are those who are not dogmatic regarding the time the ovum spends in the different parts of the tube, or the duration of its passage there, or the state of tubular muscular activity. Others do not think that the epithelial cells of the tube are concerned with the maintenance of the life of the ovum but think that the means of sustenance is contained within the ovum itself, since it can survive transportation to the anterior chamber of the eye or beneath the capsule of the kidney. W. J. Hamilton puts forward the suggestion that the ovum may pass too quickly into the uterus while still in an early stage of development and that, under the influence of the uterine 92 Proceedings of the Royal Society of Medicine Table I. ] secretion, it may lose the zona pellucida and perish since it is not ready for implantation until the blastocyst stage is reached. In this way many ova may be lost.
It has occurred to me that if oestrogens were given during the proliferative phase to further development of the endometrium and that if progesterone were given at the time of ovulation for three or four days and again about the twentieth day of the cycle, it might be possible not only to speed up the secretory phase of the endometrium but through the action of progesterone on tubal musculature to slow down the movements of the tube to delay entry into the uterus until a later stage of development and so to salvage some of the languishing ova.
It would be interesting if those of us performing tubal implantation operations could try this out.
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-56%
It will be noted that the incidence of tubal blockage has fallen since 1932, when it was quoted as 26 % to 50 %, down to 6-25 % and the incidence of "hard core" cases where cornual blockage can be blamed is only 1 56% of all cases attending the fertility clinic. We are still not convinced that this last figure cannot be further reduced.
[A series of salpingograms were then shown demonstrating how apparent cornual occlusion had been relieved by various methods including antispasmodics, heavy sedation, anmsthesia and changing the position of the uterus by means of the cannula.]
A series of X-rays were taken of a patient who had had a previous septic miscarriage and had been referred with a diagnosis of cornual occlusion. Fig. 1 shows our first salpingogram and appears to confirm the diagnosis. Later, by the exhibition of antispasmodics, we were able to obtain tubal filling, but no evidence of spill. She later had a Gilliam's suspension operation and at that time it was impossible to get air to pass through the cornua on retrograde insufflation; nevertheless, she was finally delivered of a live child without any surgical treatment of her fallopian tubes.
To summarize. Cornual occlusion is of very complex wetiology and we consider* that it is usually a normal reaction on the part of the tubes to an abnormal stimulus. Whilst we keep an FIG. 1. open mind on the possibility of a neuromuscular dysfunction at the utero-tubal junction, which may be a cause of infertility and be relieved by surgery, we hope to reduce our "hard core" cases even further.
One of the principal points in the technique of tubal implantation practised in the Area Department at Oxford is that the polythene catheters introduced into the fallopian tubes are tied together; this junction being inside the uterine cavity. This avoids any danger of the polythene slipping back into the peritoneal cavity, without long lengths hanging into the vagina with its danger of an ascending infection. The tubing is easily removed after dilating the cervix. We have cultured this tubing after removal and in all cases it has been sterile.
We would like to express our thanks to Dr. Mr. Wilfrid Mills (Birmingham): My interest in the treatment of cornual blockage by reimplantation of the fallopian tubes was aroused by the work of Mr. Green-Armytage and stimulated by the success of my first patient who was actually pregnant within two months of the operation. This was just two years ago and I have altogether performed the operation ten times. 4 of these patients had their operation within the last eight weeks and may thus be excluded from the results but of the other 6, 3 have succeeded in conceiving; between them there have already been four pregnancies which have produced two babies and two abortions.
In selecting cases I have preferred X-ray to insufflation, and I always use the watery solution of diodone which has caused very few reactions. I insist on two pictures at a month's interval showing the same absence of tubal shadow and I hesitate before operating when one tube is partially patent. These cases invariably seem to have had much more destructive salpingitis and there is less chance of finding a healthy ampullary portion in the tube with cornual obstruction when its fellow is blocked in the isthmus or ampulla. I have been surprised to find more than once at operation that a tube which gave negative tests to insufflation and two negative X-rays was indeed patent but severely stenosed. I believe that the operation may be indicated in such cases of acquired stenosis and also in the rare case of congenital stenosis due to hypoplasia.
Regarding technique I try to avoid all unnecessary manceuvres. I insufflate with Bonney's instrument to demonstrate the block at operation. I core out the cornu with the Silcock punch and splint 94 Proceedings of the Royal Society of Medicine 16 the tube with polythene tubing during its implantation, the tubing being then removed. I try to operate soon after the menstrual period and I formerly performed hystero-salpingography on the tenth post-operative day. I have now given this up as it seems unnecessary therapeutically as well as diagnostically.
In conclusion I believe that the operation of reimplantation of the tubes is indicated in most cases of cornual blockage. The most successful patients will be those who have already proved their fertility by having a previous pregnancy and in whom the ampullary ends of the tubes retain their normal function.
Mr. John Stallworthy (Oxford) said that he wished to congratulate Mr. Green-Armytage on his remarkable success following tubal implantation. Having said this, however, he felt it only right to make it clear that there were views held by both Miss Moore White and Mr. Green-Armytage with which he had never been able to agree.
One of the most important concerned the diagnosis of cornual occlusion. The main problem was not the technique of operation but the correct selection of the case for which operation was justly indicated. All who had performed the operation with success, as assured by subsequent pregnancy, knew that there was no technical difficulty and no great finesse required. The diagnosis of organic cornual occlusion was, however, a most difficult one.
In 1947, after several years of intensive study of this problem, he had published the Oxford results based on a study of over 1,000 consecutive cases. At a time when the world literature suggested that from 25-50%Y of all women complaining of infertility had tubal occlusion, the Oxford work indicated that the correct rate was more in the neighbourhood of 10%. The reason for the difference had been the general failure to recognize the importance of functional occlusion as opposed to organic lesions. This could be well illustrated with reference to Mr. Green-Armytage's Fig. 1 . The rounded cornua to which he drew attention, and which were, he claimed, indicative of all cornual occlusions, were nothing of the sort. This view put forward by Mr. Green-Armytage was the recognized teaching in textbooks, but it was incorrect.
They had seen the slides demonstrated by Dr. Bligh, and had seen pictures similar to the ones shown by Mr. Green-Armytage, in which pregnancy had proven tubal patency without any surgical interference being necessary.
The speaker emphasized the great difficulty in diagnosis, and the ease with which patients could be selected for operation, when in fact no organic blockage existed.
He stated that after many years of careful study of this particular problem, he for one was unable to diagnose with assurance a cornual occlusion on either kymographic or radiological evidence. He felt that the major point to stress was the low incidence of cornual occlusion as demonstrated,by Dr.
Bligh and the danger of operating unnecessarily.
Dr. Raymond G. Cross (Infertility Department, Rotunda Hospital, Dublin) suggested a modification in the technique of the use of polythene tubing which he, himself, had to use owing to technical difficulties during one case. The modification was that he threaded the polythene tubing through one tube, across the fundus of the uterus and out through the other tube. He then took the two ends of the polythene and incorporated them loosely in the abdominal wound, crushing the ends and tying them in a knot outside the abdomen. He had encountered no difficulties and felt that it was a cleaner method in that it avoided capillary attraction infection.
He hoped soon to have lined up a sufficient number of cases of genital tuberculosis already treated by PAS and streptomycin from which he could select suitable cases for tubular implantation with polythene tubing protected by an umbrella of PAS and streptomycin and isoniazid.
Mr. Green-Armytage, in reply said that no one, and least of all himself, who had been doing hysterosalpingograms every week for the last thirty years, would dream of disputing what Mr. Stallworthy and Mr. Williams had said on the matter of simple spasm of the tubes simulating organic blockage. As he stated at the beginning, he was dealing with the atiology of organic occlusion of the tubes secondary to induced, criminal or incomplete abortion, together with postpartum infections which had prevented further conception.
Repeated investigation of such cases by oil and gas tests had indubitably demonstrated cornual and isthmian obstruction only. Moreover, subsequent laparotomy had shown that such cases with such histories presented themselves with distal portions of the tubes absolutely healthy and therefore readily capable of implantation.
As regards the well-illustrated method spoken of by Mr. Mills, and written up by himself (1937, Brit. med. J., ii, 6) he would say that this technique was now vieux jeu, for there was not only the risk of the tubes becoming cyanosed and later compressed by the uterine muscle, but he and others had recorded ruptures of the fundus before or during labour. Mr. Mills' figures gave a 30 Y. success for this operation, but the one he was advocating would, he hoped, in the near future exceed the 40% success they had now attained.
